Phylogenetic analysis of the sequences of the 5 noncoding regions (5NCR) of 149 samples from hepatitis C virus (HCV) RNA-positive chronic carriers representing northern, southern, eastern, and western India showed that type 3 and type 1 are the predominant genotypes circulating in India, with an overall prevalence of 53.69 and 38.25%, respectively. Type 4 viruses (6.04%) were seen only in southern India. Sequence analysis of the core region of 51 of the above isolates enabled us to classify them further into subtypes as 1b (number of isolates [n] ‫؍‬ 10), 1a (n ‫؍‬ 6), 3a (n ‫؍‬ 9), 3g (n ‫؍‬ 14), 3f (n ‫؍‬ 1), and 4d (n ‫؍‬ 3). Three new subtypes were identified for the first time and designated as 3i (n ‫؍‬ 5), 3j (n ‫؍‬ 2), and 6l (n ‫؍‬ 1). Sequencing the 5NCR could differentiate HCV types, whereas classification at the level of subtype was possible with sequence analysis of the core region.
Hepatitis C virus (HCV) is a major causative agent of chronic hepatitis that can progress to liver cirrhosis and hepatocellular carcinoma. HCV has a substantial nucleotide sequence diversity, with 68 to 79% overall sequence similarity among strains. Regions encoding the putative envelope proteins (E1 and E2/NS1) are the most variable (6, 15, 37) , whereas the 5Ј noncoding region (5ЈNCR) is the most conserved (9, 14) . Six major genotypes and more than 100 different subtypes of the virus have been identified worldwide (3, 5, 7, 19, 28, 30) . The relative prevalences of these genotypes vary among different geographic regions. Subtypes 1a, 1b, 2a, 2c, and 3a account for more than 90% of the HCV infections in North and South America, Europe, Russia, China, Japan, Australia, and New Zealand (19) . Most infections in Egypt, North Africa, Central Africa, and the Middle East are of genotype 4. Type 5 has been described in South Africa (1, 10, 11) . Genotype 6 isolates are primarily found in Southeast Asia. In the Indian subcontinent, subtype 1b seems to be the most prevalent type, but many isolates related to genotype 3 have been described from northern and southern India, Bangladesh, Pakistan, and Nepal (2, 5, 7, 23, 25-27, 34, 36) . Studies of HCV variants have been made in the neighboring countries of Thailand (21, 22) , Vietnam (35) , Indonesia (16) , and Burma. Type 1 (a, b, c), type 2, type 3 (a, b, c, d, e, f, g), and type 6 variants are prevalent in these areas. Subtype 1b is the major subtype in China, while type 2 is also prevalent in some areas (8) .
Many methods of genotyping are based on amplified 5ЈNCR sequences because of the high sensitivity of PCR assays in this conserved region (30) . Phylogenetic analysis of sequence information obtained from the 5ЈNCR correlates fairly well with that obtained from the core and the NS3, NS4, and NS5 regions of the viral genome in the determination of major genotypes (13) . However, insufficient sequence variation in the 5ЈNCR limits its usefulness for determining differences among various subtypes (4, 5) . The identification and characterization of HCV types and subtypes have major implications for HCV diagnostics as well as for the development of a vaccine(s).
The aim of this cross-sectional study was to identify the genotypes circulating in India and to determine the suitability of the HCV genomic region for routine determination of HCV genotypes.
Serum samples. Serum samples (stored in aliquots at Ϫ70°C) from chronic HCV carriers showing HCV RNA positivity and representing four different areas of India were included in the study. The north was represented by Delhi and Lucknow (number of isolates [n] ϭ 30); the south was represented by Bangalore, Coimbatore, and Cochin (n ϭ 36); the east was represented by Calcutta (n ϭ 12); and the west was represented by Pune, Mumbai, Ahmedabad, and Baroda (n ϭ 71). The isolates from north, south, west, or east India were designated as N, S, W, or E, respectively, to identify the origin of the samples ( Fig. 1 and 2) .
RT-PCR, sequencing, and phylogenetic analysis. For the detection of HCV RNA, nested reverse transcriptase (RT)-PCR was carried out with 5ЈNCR primers as described by Bukh et al. (6) . Briefly, total RNA was extracted from 100 l of serum with TRIzol reagent (GIBCO BRL, Life Technologies). Single-tube nested RT-PCR was carried out, and HCV RNA-positive PCR products (nucleotides [nt] Ϫ276 to Ϫ21; 256 bp) were purified in a column with a gel extraction kit (QIAGEN, Valencia, California) and used as templates for sequencing in the Big-Dye Terminator cycle sequencing ready reaction kit (Applied Biosystems). Samples were analyzed on an automated sequencer (ABI PRISM 310 genetic analyzer; Applied Biosystems). Products were sequenced from both strands to get consensus sequences. The sequence from nt Ϫ241 to Ϫ60 (182 nt) was taken for analysis. A total of 149 isolates were sequenced in the 5ЈNCR.
Fifty-one serum samples were also amplified and sequenced in the core region. These samples included isolates of different genotypes and nontypeable isolates as well as those branching differently from the prototype sequences based on the 5ЈNCR analysis. The core region (405 nt) was amplified with the following primers: outer sense primer (nt Ϫ54 to Ϫ34), CC1 (5ЈACT GCC TGA TAG GGT GCT TGC 3Ј); outer antisense primer (nt 410 to 391), CC2 (5Ј ATG TAC CCC ATG AGG TCG GC 3Ј); inner sense primer (nt Ϫ22 to Ϫ4), CC3 (5Ј AGG TCT CGT AGA CCG TGC A 3Ј); and inner antisense primer (nt 383 to 364), CC4 (5Ј CAC GTT AGG GTA TCG ATG AC 3Ј). The core region sequence from nt 1 to 360 was taken for analysis.
Indian isolates sequenced in the present study were aligned with the representative number of sequences for each major genotype and subtype selected from the GenBank database with the help of the Multalign program. Pairwise comparisons for percent nucleotide homology and evolutionary distance were made. The phylogenetic analysis of HCV isolates was performed with MEGA 2.1 software (18) . Jukes-Cantor algorithms were utilized, and phylogenetic trees were constructed by the neighbor-joining method. The reliability of different phylogenetic groupings was evaluated by using the bootstrap resampling test from the MEGA program (1,000 bootstrap replications).
Genotyping based on 5NCR analysis. On the basis of phylogenetic analysis, the 149 Indian isolates were classified as follows: 38.25% (n ϭ 57) were type 1, 53.69% (n ϭ 80) were type 3, 6.04% (n ϭ 9) were type 4, and 0.671% (n ϭ 1) were type 6 ( Fig. 1 from nt Ϫ166 to Ϫ86 in the 5ЈNCR which had motifs for different genotypes. Indian isolates showed 9.31% Ϯ 0.21% nucleotide variability in this region. The comparatively conserved stretch from nt Ϫ241 to Ϫ165 showed only 3.30% Ϯ 1.06% variation. It was not possible to classify the type 1 and type 4 isolates further into different subtypes. In the case of the type 3 isolates, there was a clear clustering of isolates into subtypes 3b and 3g. However, the other subtypes, 3a, 3d, and 3e, clustered together. Therefore, all of the 149 isolates were classified only into major genotypes. Type 3 and type 1 seem to be the predominant genotypes circulating in different parts of India, with a prevalence of 53.69 and 38.25%, respectively. Type 3 and type 1 were present in almost equal proportions in the south (36.11 and 38.88%, respectively) and also in the west (53.52 and 43.66%, respectively). However, the north (66.66 and 30% for type 3 and type 1, respectively) and the east (75 and 25% for type 3 and type 1, respectively) showed a greater occurrence of cases of type 3 than of type 1. Variants of genotype 3 are prevalent in the neighboring countries to India's north and east, such as Bangladesh, Pakistan, Thailand, Nepal, Indonesia, and Vietnam (26, 30, 31, (33) (34) (35) . The higher percentages of type 3 cases in the northern and eastern parts of India could probably be due to geographical proximity to neighboring countries and a long history of travel, trade, and communication among the people of these areas. More or less equal proportions of type 1 and type 3 isolates in the western and southern parts of India indicate that type 3 variants are spreading all over India and most probably will exceed the occurrence of type 1 in the future.
Analysis of the sequences in the core region. The isolates could be classified into subtypes (with the number of isolates identified by area) as type 1a (6 isolates: north, 1; south, 2; and west, 3), type 1b (10 isolates: north, 1; south, 3; and west, 6), type 3a (9 isolates: north, 3; south, 1; east, 2; and west, 3), type 3g (14 isolates: north, 2; south, 3; east, 1; and west, 8), type 3f (1 isolate from the north), 3i (5 isolates from the west), 3j (2 isolates: north, 1; and south, 1), type 4d (3 isolates from the south), and 6l (1 isolate from the north) (Fig. 2) . The PNI within subtypes was 97.54% Ϯ 0.48% for subtype 1a, 94.51% Ϯ 0.57% for subtype 1b, 96.13% Ϯ 0.59% for subtype 3a, 96.04% D49746 (2e), D49754 (2f), AB031663 (2k), AF046866 (3a), D49374 (3b), D16612 (3c), D16620 (3d), D16618 (3e), D16614 (3f), X91423 (3g), D49753 (10a), Y11604 (4a), U10235 (4b), U10238 (4c), U10192 (4d), U10237 (4e), U10240 (4f), Y13184 (5a), Y12083 (6a), D84262 (6b), D84263 (6d), D63822 (6e), D84265 (6h), and D84264 (6k). Ϯ 0.61% for subtype 3g, 98.20% Ϯ 0.57% for subtype 3i, 95.32% Ϯ 1.04% for subtype 3j, and 98.75% Ϯ 0.48% for subtype 4d. The two isolates, W68 and W29, which remained nontypeable with 5ЈNCR analysis, were typed as 1b and 3g, respectively. Isolate N5 clustered separately with type 6 isolates. However, it showed less than 88% homology with any of the reference sequences belonging to this type and was thus classified as a new subtype 6l. The patient circulating this virus was unavailable for follow-up and, hence, the origin of the virus could not be ascertained. Isolates S9 and N23 clustered with the reference sequence of isolate JK072, with a homology of 95.60% Ϯ 1.03% and 97% Ϯ 0.87%, respectively. JK072, an isolate from Jakarta, Indonesia, initially classified as type 10a (31), was subsequently grouped as a divergent subtype of genotype 3 (12, 29) . This distant subtype 3 group was newly designated 3j in the present study. One isolate, S9, showed a different branching in the 5ЈNCR tree (type 4) than that indicated by the core tree (3j). The possibility of infection with multiple HCV genotypes or with a recombinant virus in this patient is being explored (17) . Five isolates, W8, W14, W61, W53, and W58, clustered separately from the 3f and 3g clusters. The PNI within the group was 98.20%, and the PNI with the nearest neighbors was Ϫ92.80% for 3f and Ϫ92.33% for 3g, indicating a need to assign these five isolates to a separate subgroup. They were grouped into a new subtype, 3i. Isolate N14 showed a PNI of 95.36% with 3f and 94.37% with 3g. This isolate was classified as subtype 3f.
Type 4 viruses were seen only in the southern part of India (from only one city, Coimbatore; 9 of 25 isolates) and showed very high sequence homology among them (98.75% Ϯ 0.48%), indicating a common source of infection. The isolates, S7, S31, and S12, clustered tightly with the sequence of 4d, with a homology of 96.60% Ϯ 0.59%. It may be noted here that type 4 viruses are prevalent in Middle Eastern countries, where a large number of people from southern Indian travel and work. Transmission from such countries, where type 4 is endemic, was ruled out as none of the patients or their contacts reported such a history. In fact, the patients had not traveled to any other country or even outside the state. Thus, though these isolates seem to be local, their origin as well as subsequent spread needs to be carefully investigated. Recently, isolates belonging to subtype 1c have also been obtained from northern India (our unpublished observations).
A typing method based on the sequence of the core region could reliably identify subtypes as well as major genotypes since the sequence divergence was greater than the divergence of the 5ЈNCR sequence. Though the preferred regions for genotyping are E1, NS4, and NS5, which are more variable than the core, it is not always possible to amplify them. The main reason is a lack of conservation in the primer binding sites. We found that a common set of primers could be used for amplification of the core region for all the samples. All (51/51) HCV RNA-positive samples (based on 5ЈNCR analysis) were amplified with these primers. The partial core gene (nt 1 to 360) sequence analysis could differentiate all the reference sequences into their respective types and subtypes. The intersubtype homology ranged from 90 to 94% for types 1, 2, 4, and 5 in this region. However, this range was very high for the subtypes of 3 (85 to 92%). The GenBank sequences of isolates from Southeast Asia (grouped as 7a, 7b, 7c, 7d, 8a, 8b, 9a, 9b, 9c, and 11a) (31, 33, 35 ) also clustered clearly into type 6 as per their recent classification (12, 20, 24, 29, 32) , while the group of isolates from Indonesia (Jakarta) typed earlier as 10a also clustered clearly as type 3 (as per their recent grouping). Importantly, this study described three new subtypes for the first time, designated as 3i (n ϭ 5), 3j (n ϭ 2), and 6l (n ϭ 1). The occurrence of many type 3 variants in India is not surprising because most of the variants other than subtype 3a and subtype 3b have been reported from neighboring countries. The possibility of identifying more variants cannot be ruled out in the present situation. A multicenter study representing larger numbers of isolates from every Indian state and community seems essential to generate countrywide data. Thus, we conclude that multiple HCV genotypes are prevalent in India and that 5ЈNCR sequence analysis is satisfactory for the routine and quick genotyping of isolates; however, sequencing of the core region is more suitable for further classification of the virus into subtypes.
Nucleotide sequence accession numbers. The 5ЈNCR and core region sequences have been deposited in the GenBank database under accession numbers AY190377 to AY190507 and AY190328 to AY190376, respectively.
